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Psychiatric pharmacogenomics predicts health 
resource utilization of outpatients with anxiety and 
depression 

J Winner\ JD Allen\ C Anthony Altar^ and A Spahic-Mihajlovic^ 

Antidepressants are among the most widely prescribed medications, yet only 35-45% of patients achieve remission following an 
initial antidepressant trial. The financial burden of treatment failures in direct treatment costs, disability claims, decreased 
productivity, and missed work may, in part, derive from a mismatch between optimal and actual prescribed medications. 
The present 1 year blinded and retrospective study evaluated eight direct or indirect health care utilization measures for 
96 patients with a DSM-IV-TR diagnosis of depressive or anxiety disorder. The eight measures were evaluated in relation 
to an interpretive pharmacogenomic test and reporting system, designed to predict antidepressant responses based 
on DNA variations in cytochrome P450 genes (CYP2D6, CYP2C19, CYP2C9 and CYP1A2), the serotonin transporter gene 
(SLC6A4) and the serotonin 2A receptor gene (5HTR2A). All subjects had been prescribed at least one of 26 commonly 
prescribed antidepressant or antipsychotic medications. Subjects whose medication regimen included a medication identified 
by the gene-based interpretive report as most problematic for that patient and are in the 'red bin' (medication status of 'use with 
caution and frequent monitoring'), had 69% more total health care visits, 67% more general medical visits, greater than three-fold 
more medical absence days, and greater than four-fold more disability claims than subjects taking drugs categorized by the 
report as in the green bin ('use as directed') or yellow bin ('use with caution'). There were no correlations between the number of 
medications taken and any of the eight healthcare utilization measures. These results demonstrate that retrospective 
psychiatric pharmacogenomic testing can identify past inappropriate medication selection, which led to increased healthcare 
utilization and cost. 
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Introduction 

Treatment resistance in patients medicated initially for 
depression or anxiety is more common than treatment 
response,'' and generates significant financial burden as 
measured by patient treatment costs, disability claims, 
decreased productivity and missed work.^"^ An objective 
method to identify appropriate medications could reduce the 
incidence of treatment resistance and the increased health 
care utilization that accompanies failed medication trials. 
Psychiatric pharmacogenomics, a gene-based method to 
improve precision in psychotropic medication prescribing, 
analyzes polymorphisms in pharmacokinetic and pharmaco- 
dynamic genes that affect the metabolism of and response to 
antidepressant and antipsychotic medications.^ 

One example of this approach (Figure 1) shows how 
combinations of multiple genes and their polymorphisms are 
analyzed and incorporated into a genotype interpretive report, 
termed GeneSight (Figure 2), which is available from 
AssureRx Health, Inc., a personalized medicine company.^ 
The GeneSight interpretive report used in this present 
study evaluates polymorphic variations in six genes for each 
individual patient to generate a unique phenotypic profile of 



drug metabolism and responses for 26 antidepressant 
and antipsychotic drugs. The approach is designed to assist 
clinicians in selecting medications for individual patients 
based on objective, evidence-based genomic information 
with the goal of improving clinical outcomes in patients 
with depression and anxiety,^'^ and predicting those drugs 
that may lead to failed medication trials and poor patient 
prognoses. ""^ 

Although healthcare costs associated with negative 
drug-drug interactions have been studied extensively,^ 
little research exists on the economic impact of pharmacoge- 
nomic-based treatment on healthcare resource utilization 
or the cost burden of inadequate psychiatric medication 
treatments. The present retrospective study evaluated 
whether the GeneSight pharmacogenomic test could 
predict a variety of direct and indirect healthcare costs and 
medical utilization for patients with depression and anxiety 
in a large, multi-specialty, union healthcare system. The 
unique nature of this healthcare system allowed for the 
capture of data that are normally difficult to obtain, such as 
disability claims, missed work and multi-specialty healthcare 
appointments. 
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Figure 1 The GeneSight binning method. The patient's genotype is determined for each of the six genes in the panel. A composite phenotype for each drug is created 
based on the phenotypes predicted from each of the six genotypes. The 18 most commonly prescribed antidepressants and eight antipsychotics on the panel are positioned in 
a green, yellow or red 'bin'. 





Antidepressants 
USE WITH CAUTION 



citalopram(Celexa®) [1 ,4] 
duloxetlne(Cymbalta®) [1] 
escitalopram(Lexapro®) [1 ,4] 
fluvoxamine(Luvox®) [4] 
mirtazapine(Remeron®) [1] 
sertraline(Zoloft®) [1 ,4] 
trazodone(Desyrel®) [1] 



Antipsychotics 



USE WITH CAUTION 



chlorpromazine(Thorazine®) [1] 
fluphenazine(Prolixin®) [1] 
iloperidone(Fanapt®) [1] 
olanzapine(Zyprexa®) [1] 
risperidone(Risperdal®) [1] 
thioridazine(Mellaril®) [1] 




amitriptyline(Elavil®) [6] 
bupropion(Wellbutrin®) [6] 
clomipramine(Anafranil®) [6] 
desipramine(Norpramin®) [6] 
doxepin(Sinequan®) [6] 
fluoxetine(Prozac®) [6] 
imipramine(Tofranil®) [6] 
nortriptyline(Pamelor®) [6] 

paroxetine(Paxil®) [4] 
venlafaxine(Effexor®) [6] 



I USE 



USE WITH INCREASED CAUTION 
AND WITH MORE FREQUENT 
MONITORING 

aripiprazole(Abilify®) [6] 

clozapine(Clozaril®) [6] 

haloperidol(Haldol®) [6] 

perphenazine(Trilafon®) [6] 



ION I 

J 



Serum level may be too high, lower doses may be required. 
Serum level may be too low, higher doses may be required. 
Difficult to predict response because of multiple gene variations. 
Genotype suggests less than optimal response. 



[5]: Blood levels may be outside of optimal range. 

[6]: Use of this drug is associated with an increased risk of side effects. 

[7]: Serum level may be too low in the presence of CYP1 A2 inducers. 



All psychotropic medications require clinical monitoring. 

Drugs are reported in alphabetical order. This report is not intended to imply that the drugs listed are approved for the same indications or that they are comparable 
in safety or efficacy. The brand name is shown for illustrative purposes only; other brand names may be available. The prescribing physician should review the 
prescribing information for the drug(s) being considered and make treatment decisions based on the patient's individual needs and the characteristics of the drug 
prescribed. 



Figure 2 Representative GeneSight medication report based on the genotype of an individual patient. 



Materials and methods 

The present study was performed at the Union Health Services 
(UHS), a staff model health maintenance organization located 
in downtown Chicago, IL, USA. The UHS provides healthcare 
services for members of collective bargaining service worker 



unions in the Chicago area. The population is comprised 
primarily of employed adults and consists of a heterogeneous 
ethnic mix. The study was approved by Quorum Review, Inc., 
an independent institutional review board. 

The study psychiatrist (AS-M) is a board-certified psychia- 
trist and the sole contractor for psychiatric care at the UHS. 
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The study population consisted of current psychiatric patients 
who were consecutively identified and screened by the study 
psychiatrist, and referred to the study coordinator for informed 
consent and further screening for inclusion/exclusion criteria. 
Inclusion criteria for the 97 eligible subjects required a DSM- 
IV-TR diagnosis of depressive disorder or anxiety disorder, 
and each patient was being treated with one or more of the 26 
medications on the GeneSight medication panel. These 
drugs are listed in Figure 2, which is a de-identified copy of 
an actual GeneSight report for one of the subjects included in 
this study. Exclusion criteria consisted of previous pharma- 
cogenomic testing and diagnoses of bipolar disorder type I, 
schizophrenia or schizoaffective disorder. 

The psychiatric medication regimen for each subject 
was recorded at the onset of data collection and subject 
enrollment (1 April 2011), and retrospective healthcare 
utilization information was obtained to that date beginning 
on 1 April 2010. The 12-month period was selected to obtain 
the most current information from subjects seen throughout 
the same year so that temporally-based prescribing trends 
would not bias the data (for example, comparing a patient's 
medication regimen from years other than the 2010-2011 
period). This information included the number of outpatient 
nonpsychiatric medical office visits, outpatient psychiatric 
office visits, emergency room visits, number of hospitaliza- 
tions, days of hospitalizations, number of days absent from 
work and the number of disability claims filed by study sub- 
jects. The number and duration of psychiatric and nonpsy- 
chiatric medication trials during the year were also recorded. 

Following subject consent, a buccal swab was collected by 
a health professional at the UHS and shipped to the AssureRx 
Health GLIA-certified and CAP-accredited laboratory in 
Mason, OH, USA. Following DNA extraction and amplifica- 
tion, variations in 50 alleles were measured for the following 
six genes: four cytochrome P450 genes (CYP2D6, CYP2C19, 
CYP2C9 and CYP1A2), the serotonin transporter gene 
(SLC6A4) and the serotonin 2A receptor gene (5HTR2A). 
Genotype results were converted to a composite phenotype 
for each psychiatric medication on the panel using the 
GeneSight interpretive report, in which each of the 26 
medications were placed in the category of 'use as directed' 
(green bin), 'use with caution' (yellow bin) or 'use with caution 
and more frequent monitoring' (red bin), as exemplified in 
Figures 1 and 2. 

In the primary analysis, the green, yellow or red medication 
status for each subject was categorized by the highest caution 
level of any panel medication they were taking at the end of the 
1 year observation window. For example, a subject with a 
GYP2D6 poor metabolizer status and prescribed fluoxetine 
and mirtazapine would receive a GeneSight report that listed 
fluoxetine in the red bin and mirtazapine in the yellow bin, 
reflecting the inherent difference in P450 metabolism for each 
drug. This patient would be placed in the red bin category 
owing to their red bin status for fluoxetine. Had the same 
patient only been on mirtazapine, a yellow bin category would 
have applied. 

The three groups of patients classified by medication status 
were then compared using a one-way analysis of variance test 
for differences in each of the eight utilization variables. As a 
greater number of prescribed drugs would be expected to 



increase the severity of bin status, we also recorded the 
number of panel drugs taken concurrently by subjects in each 
of the three bin groups. The correlations between the mean 
number of panel drugs, all psychiatric drugs or all drugs in 
each bin status were determined for each of the eight 
economic outcomes. Following the one-way analysis of 
variance, multiple analysis Mests were used to compare 
pairs of each binned group. 

In a secondary analysis, we determined the number of 
weeks each subject was on a green, yellow or red bin medica- 
tion during the 1 year study window. For example, out of the 52 
weeks, one subject spent 29 weeks on a red bin medication. 
The time spent on a medication in each bin was correlated 
with the primary outcomes (healthcare visits, medical visits, 
psychiatric visits, medical absence days and disability claims) 
over the 1 year study window. A Pearson's correlation 
coefficient was calculated as was a P-value using the Mest. 

Average per-event cost estimates for office-based visits, 
emergency room visits, hospitalizations and days in hospital 
were obtained using data from the Medical Expenditure Panel 
Survey database. ''^"''^ The Medical Expenditure Panel 
Survey database is a set of large-scale surveys of families 
and individuals, their medical providers and employers across 
the USA, which was established by the Agency for Healthcare 
Quality and Research, a division of the US Department of 
Health and Human Services. Average per-event prescription 
cost estimates were obtained from data by the Henry J. Kaiser 
Family Foundation, which were not available in the Medical 
Expenditure Panel Survey database. ""^ The Kaiser Family 
Foundation is a nonprofit, nonpartisan organization with a 
focus on health policy analysis. Average per-event cost 
estimates for medical absence days and disability claims 
were obtained using data from Ivanova et al^ All cost 
estimates were multiplied by the number of events, then 
adjusted to 2010 dollars using a formula of a 3% increase per 
year to correct for inflation. Costs were compared by the 
medication bin of subjects using a Mest. 

Results 

Of the 97 subjects, nine (9%) were categorized as red bin 
status, 48 (50%) as yellow bin and 39 (41%) as green bin 
status based upon the panel medications they were taking at 
the end of the 1 year observation period. One subject was not 
on panel medication at the end of the period. Four statistically 
significant results were obtained when comparing the status 
of subjects' medication regimens with healthcare utilization 
histories. Compared with the green or yellow bin subjects, 
subjects whose regimen included a medication in the red bin 
had 69% more total healthcare visits (21.9) during the year 
than those receiving drugs that were in the green bin (1 3.7) or 
yellow bin (12.3) (F=4.50; df = (2, 93), P=0.014). Non- 
psychiatric medical visits during the year were 67% higher 
for subjects whose regimen included a medication in the red 
bin (12.8) than those on a green (8.4) or yellow bin (7.1) 
medication (F=3.36; df = (2, 93), P= 0.039) (Figure 3). The 
relationship between medication bin and number of outpatient 
psychiatric visits during the study window trended higher for 
red bin subjects (8.9) than green (5.1 ; P= 0.057) or yellow (5; 
P= 0.066) bin subjects (F=1.97; df = 2, 93). 
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Number of outpatient liealtlicare visits by 
GeneSiglit panel status 



Number of medical visits by 
GeneSight panel status 



p = 0.015 




p = 0.06 



Use with Use With Caution 



Directed Caution and More Frequent 
Monitoring 



p = 0.01 




Use as Use with Use With Caution 

Directed Caution and More Frequent 

Monitoring 



Figure 3 Annual number of healthcare visits (left) and medical visits (right) per patient, by the GeneSight-designated category of subjects' medication regimen. 
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Number of medical absence days by 
GeneSight panel status 



p = 0.04 
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Number of disability claims per patient per year by 
GeneSight panel status 
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Use as Use with Use With Caution 

Directed Caution and More Frequent 
Monitoring 



Figure 4 Annual days of medical absences (left) and disability claims (right) per patient, by the GeneSight-designated category of subjects' medication regimen. 



Red bin subjects also averaged more disability claims per 
person during the study period (0.56) than subjects in the 
green (0.15) or yellow (0.11) bin (F=4.54; df = 2, 93), 
(P=0.013). Although the overall analysis of variance was 
suggestive but not significant across all drug bins and number 
of medical absence days (P=0.126), Mests revealed a signi- 
ficant difference between the number of medical absence 
days between subjects on red and green binned drugs. Red- 
binned subjects had 20.8 medical absence days, compared 
with green (4.6), with yellow in-between (8.4) (P= 0.043, 
Figure 4). Hospitalizations, days in the hospital and emergency 
room visits were not significantly different among the groups. 

In the secondary analysis, it was observed that the number 
of weeks subjects spent on red bin medications was corre- 
lated with higher total healthcare visits (r= +0.56, P=0.05). 
The correlation between number of weeks on a red bin 
medication and number of disability claims approached 
significance (r=0.5, P=0.08). The correlation between 
number of weeks on a red bin medication and number of 
medical visits trended in a similar direction (r=+0.44, 
P=0.13), as did number of psychiatric visits (r=+0.47, 
P=0.10). Number of weeks on a red bin medication was not 
correlated with numbers of medical absence days, hospita- 
lizations, days in the hospital, or emergency room visits. 
No statistically significant correlations were observed 



between number of weeks on a green bin medication or 
number of weeks on a yellow bin medication and any of the 
dependent variables. 

Highly significant correlations were found between the 
number of all drugs taken and numbers of medical visits 
(r=+0.49; P< 0.001) and healthcare visits (r= +0.35; 
P= 0.0005) (Table 1 ). An average of two of the 26 interpretive 
report panel drugs were being taken at the end of the study 
year by the nine red bin status subjects, and this exceeded 
(P= 0.002) the average number of panel drugs taken by 
green (1 .2) or yellow (1 .4) status subjects. A similar trend was 
observed for the number of all psychiatric drugs (that is, panel 
and nonpanel drugs) taken by red bin subjects (2.7) versus 
green (1 .9; P= 0.044) or yellow (2; P= 0.084) drug bin status 
subjects. The number of all drugs taken by subjects was the 
same for those in the red (6.4), green (6.3) and yellow (5.9) 
bins. There was no correlation between the number of panel 
or all psychiatric drugs taken and any of the eight dependent 
measures (Table 1). 

The mean healthcare utilization cost calculated for red bin 
subjects was higher at $8627, compared with $3453 
calculated for green bin subjects (P= 0.024) and $3426 for 
yellow bin subjects. (P= 0.027, Figure 5) yielding an average 
annual increase in healthcare cost of $5188 for red bin 
subjects. 
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Table 1 No correlation between number of panel or psychiatric drugs and 
healthcare outcomes that are predicted by GeneSight drug status 



Outcome mea- 


Statistic 


Numbers of drugs tal<en 


Increase healtli- 


sured (number of 






by patients 




care burden for 


events/year) 










patients on red 












bin drugs? 






Panel 


Psycliiatric 


Ail 








drugs 


drugs 


drugs 




Healthcare visits 


f 


-0.04 


0.11 


0.26 






P 


0.68 


0.29 


0.01 


Yes 




F 


0.23 


1.13 


6.98 




Medical visits 


f 


-0.11 


0.05 


0.40 






p 


0.30 


0.66 


<0.0001 


Yes 




F 


0.04 


0.10 


18.83 




Psychiatric visits 


f 


0.05 


0.12 


-0.02 






p 


0.63 


0.24 


0.87 


trend' ns 




F 


1.05 


1.18 


0.01 




ER visits 


f 


-0.04 


0.08 


0.05 






P 


0.70 


0.42 


0.62 


No 




F 


0.15 


0.65 


0.25 




Hospitalizations 


r 


-0.07 


0.11 


0.13 






P 


0.50 


0.28 


0.20 


No 




F 


0.45 


1.18 


1.69 




Days in hospital 


r 


-0.05 


-0.27 


0.004 






P 


0.87 


0.36 


0.99 


No 




F 


0.03 


0.92 


0.0002 




Days off work 


r 


0.08 


-0.04 


-0.05 




P 


0.45 


0.73 


0.64 


trend; ns 




F 


0.59 


0.12 


0.21 




Disability claims 


r 


0.002 


-0.02 


0.005 






P 


0.98 


0.85 


0.96 


Yes 




F 


0.0005 


0.03 


0.002 





Abbreviations: ER, emergency room; ns, not significant. 

r= correlation coefficient; P= significance value for correlation coefficient; 

F = ANOVA value. 



Mean Healthcare Cost Per Year 

12000 T , 




Use as Directed Use with Caution Use with Caution and With 

More Frequent Monitoring 

Figure 5 Calculated healthcare spend (2010 dollars) for the patients whose 
psychiatric GeneSight panel drug prescription(s) were in the 'use as directed' 
(n = 40) category, or had one or more 'use with caution' (n = 48) or 'use with 
caution and more frequent monitoring' (n = 9) drug ranked as the most severe 
category among the panel drug(s) they were prescribed. Significantly greater 
healthcare spends were calculated for the nine red-bin status patients than those in 
the green or yellow categories (f-test). 



Discussion 

A goal of pharmacogenomic-based personalized medicine is 
to provide information that can better define treatments for 
individual patients and increase the rate or amount of their 
therapeutic improvement. In addition to, and possibly as a result 
of these clinical benefits, pharmacogenomic testing also has 
the potential to decrease direct and indirect medical costs. Chou 
et demonstrated increased healthcare costs in CYP2D6 
poor and ultrarapid metabolizers due to longer hospitaliza- 
tions and increased adverse events in these patients. 



The present retrospective analysis is consistent with and 
expands upon these earlier results, by showing that some of 
the economic healthcare burden for psychiatric patients may 
be predicted by a multi-gene, pharmacogenomic approach. 
Specifically, subjects whose medication status was identified 
by the binning system of the GeneSight report to be in the 'use 
with caution and more frequent monitoring' (red bin) category 
had the highest numbers of medical visits, total healthcare 
visits, medical absence days and disability claims compared 
with all other subjects. Subjects taking red bin medications 
had nearly twice the number of healthcare visits and over four 
times the average number of disability claims during the 
retrospective study year. 

The results further suggest that both medical and produc- 
tivity cost savings may be obtained prospectively if the 
psychiatric pharmacogenomic test is used to guide psycho- 
tropic medication selection, that is, shifting patients away from 
drugs that are found to be in the red bin category. Improved 
psychotropic medication selection could, for example, provide 
a 'pharmacoeconomic' benefit for an individual with a 
cytochrome P450 2D6 genotype that renders the enzyme 
unable to metabolize an SSRI (Figure 2). This patient may 
experience medication toxicity due to excessive SSRI blood 
levels, enhanced side effects, poor outcome and increased 
healthcare costs.''^'''^ This problem could be exacerbated 
when concomitant psychotropic and nonpsychotropic medi- 
cations increase the variability of drug metabolism, which may 
explain the correlation we obtained between the numbers of 
all medications and the numbers of healthcare visits and 
medical visits. 

Consistent with the present results, lower antidepressant 
efficacy was found previously in patients whose medications 
were in the red bin versus those in the green and yellow 
bin category.^''^ In these prospective studies, GeneSight 
pharmacogenomic test results were generated for all patients 
at the initiation of the study, while patients in the treatment-as- 
usual control arm were given their results only after the study 
was completed. Pharmacogenomic-directed prescribing 
reduced the incidence of adverse drug reactions and 
improved the efficacy of antidepressant medication regimens, 
particularly in patients who were taking red bin medications at 
the beginning of the studies. Additional studies will be 
needed to confirm these and related pharmacoeconomic 
outcomes for depressed, anxious and other patients who 
most commonly use the medications on the GeneSight 
panel (Figure 2). 

One potential limitation of the study was that red bin status 
was associated with a higher number of psychiatric medica- 
tions, and that this was linked. However, the lack of correlation 
between any of the eight dependent measures and the 
number of either prescribed panel drugs or all psychiatric 
drugs, indicates that the pharmacogenomic-determined 
red bin status, and not the numbers of psychiatric drugs 
taken, was associated with increases in healthcare 
utilizations. Interestingly, healthcare visits and medical visits 
did correlate positively with the number of all drugs taken, 
demonstrating the sensitivity of this method to identify such 
covariates (Table 1). 

Other limitations include the retrospective nature of the 
study, the heterogeneity of subject diagnoses and the relatively 
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small sample. The UHS contracts with only one psychiatrist, 
thus, all patients were under her care. Additionally, because 
billing and reimbursement data were not available from the 
study site, they were imputed from available sources. 

The finding that the number of all prescribed medications 
correlated positively with two outcomes (overall healthcare 
visits and medical visits), shows that a greater healthcare 
burden was associated with overall prescription number, more 
so than when psychiatric drugs alone are considered. The 
problematic nature of drugs in the red bin category derives 
from their more aberrant metabolism, efficacy or both based 
on individual pharmacokinetic or pharmacodynamic poly- 
morphisms. Thus, it appears that the GeneSight test adds 
qualitative dimensions beyond simple prescription numbers to 
improve the accuracy of predicting healthcare burden. 

In conclusion, a six gene, pharmacogenomic-based inter- 
pretive test identified significant increases in healthcare 
utilization and estimated greater costs ($5188) for individual 
psychiatric patients whose medication status for a year was 
identified as having been suboptimal. This observation 
reflects the ability of an integrated, multi-gene analysis of 
individual patient polymorphisms to predict variations in 
psychotropic drug metabolism and response, and was 
independent of the number of prescribed psychiatric medica- 
tions. The study results demonstrate that patients on more 
problematic red bin drugs have increased direct and indirect 
medical utilization, and suggest that switching patients off of 
these medications may decrease medical utilization. 

These and prior results^ '' ° demonstrate the potential 
predictive ability of the GeneSight test and its interpretive 
report to help improve clinical outcomes, while reducing costs 
associated with increased medical utilization for patients 
taking inappropriate psychotropic medications. This is the first 
study in psychiatry of the predictive value of multi-gene 
pharmacogenomic information on healthcare utilization, and 
the first to demonstrate statistically significant predictions for 
psychiatry of health utilization based on genotype. The cost 
savings results compare favorably with those of Chou and 
colleagues,'''' who estimated a $4000-6000 greater cost in 
treating GYP2D6 ultrarapid metabolizer/poor metabolizer 
psychiatric patients than extensive metabolizer/intermediate 
metabolizer patients. Additional and larger prospective 
studies with diverse patient populations will be of value in 
demonstrating the economic benefits and clinical utility of this 
approach, and broadening its acceptance in routine clinical 
practice. 

Conflict of interest 

Genetic testing and funding for data collection and analysis 
personnel were provided by AssureRx Health, Inc. JW, JD Allen 
and C Anthony Altar, are employed by AssureRx Health, Inc. 



The principal investigator, A Spahic-Mihajlovic, has served as a 
speaker for AssureRx Health. 

1 . Thase ME. STEP-BD and bipolar depression: wliat liave we learned? Curr Psychiatry Rep 
2007; 9: 497-503. 

2. Birnbaum HG, Kessler RC, Kelley D, Ben-Hammadi R, Joish VN, Greenberg PE. 
Employer burden of mild, moderate, and severe major depressive disorder: mental 
health services utilization and costs, and work performance. Depress /Anx/efy 2010; 27: 
78-89. 

3. Gibson TB, Jing Y, Smith Carls G, Kim E, Bagalman JE, Buton WN et al. Cost burden 
of treatment resistance in patients with depression. Am J Managed Care 2007; 16: 
370-377. 

4. Fostick L, Silberman A, Beckman M, Spivak B, Amital D. The economic impact of 
depression: resistance or severity? Eur Neuropsychopharmacol 20)0; 20: 671-675. 

5. Hoffman DL, Dukes EM, Wittchen HU. Human and economic burden of generalized 
anxiety disorder. Depress Anxiety 2008; 25: 72-90. 

6. Kung S, Xiaofan L. The clinical use of pharmacogenomic testing in treatment-resistant 
depression. Prim psyciiiatry 20^0■, 17: 46-51. 

7. AssureRx Health, Inc. Mason, OH. http://www.assurerxhealth.com. 

8. Trivedi MH, Rush J, Wisniewski SR, Nierenber AA, Warden D, Ritz L etal. Evaluation of 
outcomes with citalopram for depression using measurement-based care in STAR*D: 
implications for clinical practice. Am J Psycli iatry 200Q; 163: 28-40. 

9. Hall-Flavin DK, Winner JG, Allen JD, Jordan JJ, Nesheim RS, Snyder KA et al. Using a 
pharmacogenomic algorithm to guide the treatment of depression. TransI Psychiatry 20)2; 
2: el 72. 

1 0. Altar OA, Winner JG, Allen JD, Mrazek DA, Hall-Flavin DK. Improved clinical outcomes with 
a pharmacogenomic treatment support product in a depressed population Poster 
presented at the Society of Biological Psychiatry. Philadelphia, PA, 2012. 

11. Chou WH, Yan FX, de Leon J, Barnhill J, Rogers T, Cronin M et al. Extension 
of a pilot study: impact from the cytochrome P450 2D6 polymorphism on outcome 
and costs associated with severe mental illness. J Clin Psychopharmacol 2000; 20: 
246-251. 

12. Quorum Review, Inc. Seattle, WA. http://www.quorumreview.com. 

13. MEPS HC-135D: 2010 hospital inpatient stays. Agency for Healthcare Research and 
Quality, Center for Financing, Access, and Cost Trends, Rockville, MD; July 2012. http:// 
meps.ahrq.gov/mepsweb/data_stats/download_data/pufs/h135d/h135ddoc.pdf. Accessed 
2012. 

14. MEPS HC-135G: 2010 office-based medical provider visits. Agency for Healthcare 
Research and Quality, Center for Financing, Access, and Cost Trends, Rockville, MD; July 
2012. http://meps.ahrq.gov/mepsweb/data_stats/download_data/pufs/h135g/h135gdoc. 
pdf. Accessed 2012. 

15. MEPS HC-135E: 2010 emergency room visits. Agency for Healthcare Research and 
Quality, Center for Financing, Access, and Cost Trends, Rockville, MD; July 2012. http:// 
meps.ahrq.gov/mepsweb/data_stats/download_data/pufs/h1 35e/h1 35edoc.pdf, Accessed 
2012. 

16. Henry J. Kaiser Family Foundation, http://www.statehealthfacts.org/compare.jsp. 
Accessed 2012. 

1 7. Ivanova Jl, Birnbaum HG, Kidolezi Y, Subramanian G, Khan SA, Stensland MD. Direct and 
indirect costs of employees with treatment-resistant and non-treatment-resistant major 
depressive disorder. Curr Med Res Opin 26: 2475-2484. 

18. Mulder H, Wilmink FW, Beumer TL, Tamminqa WJ, Jedema JN, Eqbers AC The 
association between cytochrome P450 2D6 genotype and prescription patterns of 
antipsychotic and antidepressant drugs in hospitalized psychiatric patients retrospective 
follow up study. J Clin Psychopharmacol 2005; 25: 188-191. 

1 9. D'Empaire I, Guico-Pabia CJ, Preskorn SH. Antidepressant treatment and altered CYP2D6 
activity: are pharmacokinetic variations clinically relevant? J Psychiatr Pract 2011; 17: 
330-339. 




Translational Psychiatry is an open-access journal 
published by Nature Publishing Group. This work is 



licensed under a Creative Commons Attribution 3.0 Unported License. 
To view a copy of this license, visit http://creativecommons.org/ 
licenses/by/3.0/ 



Translational Psychiatry 



